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1

LIGHTING DEVICE, DISPLAY DEVICE, AND
TELEVISION DEVICE

TECHNICAL FIELD

The present invention relates to a lighting device, a display
device, and a television device.

BACKGROUND ART

A liquid crystal panel used for a liquid crystal display
device such as a liquid crystal television does not emit light,
and thus a backlight unit is required as a separate lighting
device. The backlight unit is arranged on a back side (a side
opposite to a display surface) of the liquid crystal panel. The
backlight unit includes a chassis, a light source, a reflection
sheet, and an optical member (a diffuser sheet). The chassis
has an opening on a liquid crystal panel side. The light source
is arranged in the chassis. The reflection sheet is disposed in
the chassis and configured to reflect light toward the opening
of'the chassis. The optical member is arranged at the opening
of'the chassis and configured to efficiently direct light emitted
from the light source toward the liquid crystal panel. One
example of such a backlight unit is disclosed in Patent Docu-
ment 1.

RELATED ART DOCUMENT
Patent Document

Patent Document 1: Japanese Unexamined Patent Publica-
tion No. 2006-59607

Problem to be Solved by the Invention

Patent Document 1 discloses a technology of effective heat
dissipation for a direct-type backlight unit in which light
sources are arranged right behind a liquid crystal panel. On
the other hand, in an edge-light backlight unit, light sources
are arranged concentrated at an end portion of the backlight
unit and light from the light sources is directed toward a light
exit side by a light guide plate. Since the light sources are
arranged concentrated at the end portion of the edge-light
backlight unit, heat is more likely to stay in the end portion.
Therefore, sufficient heat dissipation performance may not be
obtained by merely applying heat dissipation structure in
Patent Document 1 to the edge-light backlight unit. Thus, a
demand for higher heat dissipation performance has been
raised.

Disclosure of the Present Invention

The present invention was made in view of the above
reasons and an object of this invention is to improve heat
dissipation properties.

Means for Solving the Problem

A lighting device according to this invention includes a
chassis, a light source, a light guide member, a duct member,
and a dissipative light source attachment portion. The chassis
includes a light exit portion through which light exits. The
light source is arranged close to an end portion of the chassis.
The light guide member is arranged closer to a middle area of
the chassis than the light source and configured to guide light
from the light source toward a light exit portion side. The duct
member is arranged on a side of the chassis opposite to the
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2

light exit portion side and has an air passage therein. The
dissipative light source attachment portion is provided the
duct member and one part thereof faces the air passage and
another part thereof protruding to inside of the chassis. The
light source is attached to the other part of the dissipative light
source attachment portion.

In this configuration, the other part of the dissipative light
source attachment portion protrudes to the space within the
chassis, and the light source that is attached to the other part
is located close to the end portion of the chassis. Light emitted
from the light source is directed toward the light exit portion
side of the chassis by the light guide member that is arranged
in the inner area of the chassis from the light source. Heat
generated by light emission of the light source is transferred
to the one part of the dissipative light source attachment
portion that faces the air passage of the duct member, and the
heat is efficiently dissipated through air that flows through the
air passage. With this configuration, even in the lighting
device in which the light source is arranged close to the end
portion of the chassis and heat is more likely to stay the end
portion, heat dissipation properties remain high. Therefore,
brightness of exiting light may be easily enhanced by increas-
ing output of the light source.

The following configurations are preferable as aspects of
this invention.

(1) The lighting device may further include a blower
mounted to the duct member. The blower may have a blowing
port that faces a part of the dissipative light source attachment
portion. Air flows to the air passage through the blowing port.
With this configuration, the air passing through the blowing
port of the blower toward the air passage efficiently hits a part
of the dissipative light source attachment portion opposite
thereto, and thus heat from the light source is efficiently
dissipated.

(2) The duct member may include a bottom wall and at least
a pair of sidewalls. The bottom wall may be opposite the
chassis. The sidewalls may protrude from the bottom wall
toward the chassis and face each other. The air passage may be
aspace surrounded and defined by the bottom wall, the at least
a pair of sidewalls, and the chassis. With this configuration,
the chassis can be reinforced by the duct member including
the bottom wall and the pair of sidewalls that define the air
passage between the bottom wall and the pair of sidewalls and
the chassis.

(3) The duct member may include an inlet for air intake to
the air passage and an outlet for air exhaust from the air
passage. Each of the inlet and the outlet opens to outside
along a wall surface of the bottom wall. With this configura-
tion, heat from the dissipative light source attachment portion
is dissipated through air that flows through the inlet into the
air passage can remove. The air through which the heat dis-
sipates from the dissipative light source attachment portion
flows to the outside through the outlet. Each of the inlet and
the outlet is formed so as to open to the outside along the wall
surface of the bottom wall of the duct member. If the inlets
and outlets are formed in the bottom wall, a space for air
intake and air exhaust is not required behind the lighting
device. However, with the above configuration, such a space
is not required or such a space is reduced.

(4) Atleast one of the inlet and the outlet is provided to each
sidewall of the at least a pair of sidewalls so as to be displaced
from each other in a direction along the wall surface of the
bottom wall. Compared to a configuration that at least one of
the inlet and the outlet is provided in each sidewall of the at
least a pair of sidewalls such that the inlets or the outlets are
opposed to each other in the direction along the wall surface
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of the bottom wall, decrease in strength of the duct member
that may be caused by forming inlets or outlets is less likely to
occur.

(5) The duct member may cover a part of the chassis. The
lighting device may further include a light source drive board
attached to the chassis. The light source drive board is located
on the side of the chassis that is opposite to the light exit
portion side and adjacent to the duct member. The light source
drive board may be configured to provide drive power to the
light source. In this configuration, the light source drive board
is located on the side of the chassis opposite to the light exit
portion side and adjacent to the duct member. Therefore, a
thickness of the lighting device can be reduced compared
with a case in which the light source drive board is attached to
a surface of the duct member opposite to a chassis side.

(6) The duct member may include a bottom wall and at least
a pair of sidewalls. The bottom wall may be opposite the
chassis. The sidewalls may protrude from the bottom wall
toward the chassis and face each other. The air passage may be
aspace surrounded and defined by the bottom wall, the at least
a pair of sidewalls, and the chassis. One of the sidewalls
located adjacent to the light source drive board may include
an inlet that opens to outside along a wall surface of the
bottom wall. The inlet may be displaced from the light source
drive board along the wall surface of the bottom wall. With
this configuration, heat is dissipated from the dissipative light
source attachment portion through air that flows into the air
passage through the inlet that is provided in the sidewall
included in the duct member. One of the sidewall adjacent to
the light source drive board includes the inlet that is displaced
from the light source drive board along the wall surface direc-
tion of the bottom wall portion. Therefore, even when the
light source drive board provides drive power to the light
source and the light source generates heat, relatively low-
temperature air flows to the air passage through the inlet.
Accordingly, sufficient heat dissipation performance can be
obtained. Further, the chassis can be reinforced by the duct
member.

(7) The light source may include a plurality of light
sources. The dissipative light source attachment portion may
extend along the end portion of the chassis and the light
sources are mounted on the dissipative light source attach-
ment portion so as to be arranged in an extending direction of
the dissipative light source attachment portion. The air pas-
sage of the duct member is provided in the extending direc-
tion of the dissipative light source attachment portion. In this
configuration, the light sources are arranged in the extending
direction of the dissipative light source attachment portion.
Therefore, heat generated by the light sources is efficiently
dissipated through air that flows in the air passage extending
in the extending direction of the dissipative light source
attachment portion. Accordingly, sufficient heat dissipation
performance can be obtained.

(8) The duct member may include a first duct portion and a
second duct portion. The first duct portion may extend along
the extending direction of the dissipative light source attach-
ment portion and include the dissipative light source attach-
ment portion. The second duct portion may extend in a direc-
tion across the extending direction of the dissipative light
source attachment portion. The second duct portion may be
connected to the first duct portion. The lighting device may
further include a blower mounted to the second duct portion.
The blower may include a blowing port opposite a part of the
dissipative light source attachment portion and through
which air flows to the air passage. In this configuration, the
duct member includes the first duct portion that extends along
the extending direction of the dissipative light source attach-
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ment portion. The second duct portion extends along the
direction across the extending direction of the dissipative
light source attachment portion and connected to the first duct
portion. This increases mechanical strength of the duct mem-
ber and also reinforces the chassis to which the duct member
is attached. Further, the blower is attached on the second duct
portion and air that flows to the air passage through the
blowing port of the blower efficiently hits a part of the dissi-
pative light source attachment portion of the first duct portion
that faces the blowing port. Therefore, heat generated from
the light source is efficiently dispersed with the air.

(9) The chassis may include a bottom plate and a fixing
piece. The bottom plate may be located on a side of the chassis
that is opposite to the light exit portion side of the chassis and
define the air passage between the bottom plate and the duct
member. The fixing piece may protrude from the bottom plate
toward the side opposite to the light exit portion side so as to
be parallel to the dissipation light source attachment portion.
The fixing piece may be fixed to the dissipative light source
attachment portion. The fixing piece may face the air passage
and may be located opposite the blowing port of the blower.
With this configuration, by fixing the fixing piece, which
protrudes from the bottom plate of the chassis, to the dissi-
pative light source attachment portion, the chassis and the
duct member can be fixed. Air that flows through the blowing
port of the blower hits the fixing piece that faces the air
passage and is located opposite the blowing port. Therefore,
a part of the dissipative light source attachment portion (a
portion to which the fixing piece is attached) which faces the
blowing port is less likely to be locally cooled down. Accord-
ingly, the dissipative light source attachment portion can be
evenly cooled down over the extending direction.

(10) The second duct portion may include a pair of second
duct portions opposite to each other and may be connected to
the first duct portion apart from each other in a direction in
which the first duct portion extends. The lighting device may
further includes a light source drive board that provided on the
side of the chassis opposite to the light exit portion side and
located between the pair of second duct portions. The light
source drive board may be configured provide drive power to
the light source. With this configuration, the blower that is
attached to each of the second duct portions blows air and a
part of the dissipative light source attachment portion of the
first duct portion can be efficiently cooled down. Further, the
light source drive board is arranged on the side of the chassis
that is opposite to the light exit portion side and located
between the pair of the second duct portions. Therefore, the
thickness of the lighting device can be reduced and the light
source drive board can be protected by the pair of the second
duct portions.

(11) The dissipative light source attachment portion of the
first duct portion may include an outlet at a position between
the pair of the second duct portions. The outlet may open to
outside through which air in the air passage exits. In this
configuration, the dissipative light source attachment portion
includes the outlet that opens to the outside at a position
between the pair of the second duct portions. The blower is
attached to each of the second duct portions. Air that is blown
by the blower to the first duct portion efficiently exits to the
outside through the outlet. Accordingly, air-flow properties
inside the air passage improve and thus heat dissipation prop-
erties improve.

(12) The dissipative light source attachment portion may
include a pair of dissipative light source attachment portions
and the first duct portion includes a pair of first duct portions.
Each of the dissipative light source attachment portions and
each of the first duct portions may extends along end the
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portion of the chassis. Each end of the second duct portion
may be connected to each of the pair of the first duct portions.
In this configuration, the first duct portions extend along the
respective end portions of the chassis and the end portions of
the second duct portion are connected to the first duct por-
tions. Therefore, the duct member can have high mechanical
strength, and accordingly the chassis to which the duct mem-
ber is attached is reinforced.

Next, to solve the above problem, a display device accord-
ing to this invention may include the above-described lighting
device and a display panel configured to provide display
using light from the lighting device.

According to such a display device, because the lighting
device that provides light to the display panel can have
improved heat dissipation properties, brightness of light
emission can be improved by increasing output of the light
sources. Accordingly, high quality display can be achieved.

The display panel may be a liquid crystal panel. The dis-
play device as a liquid crystal display device has a variety of
applications, such as a television display or a personal-com-
puter display. In particular, it is suitable for a large screen
display.

Advantageous Effect of the Invention

According to this invention, heat dissipation properties can
be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view illustrating a gen-
eral configuration of a television device according to a first
embodiment of this invention.

FIG. 2 is an exploded perspective view illustrating a gen-
eral configuration of a liquid crystal display device.

FIG. 3 is a plan view illustrating an arrangement configu-
ration of a chassis, a duct member, a light guide plate, and
LED boards in a backlight unit included the liquid crystal
display device.

FIG. 4 is a plan view illustrating an arrangement configu-
ration of the duct member, the LED boards, and fans in the
backlight unit.

FIG. 5 is a bottom view illustrating an arrangement con-
figuration of the chassis, the duct member, and boards in the
backlight unit.

FIG. 6 is a cross-sectional view taken along line vi-vi of
FIGS. 3 and 4.

FIG. 7 is a cross-sectional view taken along line vii-vii of
FIGS. 3 and 4.

FIG. 8 is a cross-sectional view taken along line viii-viii of
FIGS. 3 and 4.

FIG. 9 is a plan view illustrating an arrangement configu-
ration of a duct member, LED boards, and fans according to a
second embodiment of this invention.

FIG. 10 is a cross-sectional view taken along line x-x of
FIG. 9.

FIG. 11 is a cross-sectional view taken along line xi-xi of
FIG. 9.

FIG. 12 is a plan view illustrating an arrangement configu-
ration of a duct member, LED boards, and fans according to a
third embodiment of this invention.

FIG. 13 is a cross-sectional view taken along line xiii-xiii
of FIG. 12.

FIG. 14 is a plan view illustrating an arrangement configu-
ration of a duct member, LED boards, and fans according to a
fourth embodiment of this invention.
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FIG. 15 is a cross-sectional view taken along line xv-xv of
FIG. 14.

FIG. 16 is a cross-sectional view illustrating an inner outlet
of a duct member according to a fifth embodiment of this
invention.

FIG. 17 is a plan view illustrating an arrangement configu-
ration of a chassis, a duct member, a light guide plate, and an
LED board according to a sixth embodiment of this invention.

FIG. 18 is a plan view illustrating an arrangement configu-
ration of a duct member, an LED board, and fans.

FIG. 19 is a cross-sectional view taken along line xix-xix of
FIG. 17.

FIG. 20 is a plan view illustrating an arrangement configu-
ration of a chassis, a duct member, a light guide plate, and
LED boards according to a seventh embodiment of this inven-
tion.

FIG. 21 is a plan view illustrating an arrangement configu-
ration of a duct member, LED boards, and fans.

FIG. 22 is a plan view illustrating an arrangement configu-
ration of a duct member, LED boards, and fans according to
an eight embodiment of this invention.

FIG. 23 is a bottom view illustrating an arrangement con-
figuration of a chassis, a duct member, and boards.

FIG. 24 is a plan view illustrating an arrangement configu-
ration of duct members, LED boards, and fans according to a
ninth embodiment of this invention.

FIG. 25 is a cross-sectional view taken along line xxv-xxv
of FIG. 24.

MODE FOR CARRYING OUT THE INVENTION
First Embodiment

A first embodiment of'this invention will be described with
reference to FIGS. 1 to 8. In this description, a liquid crystal
display device 10 will be described. X-axis, Y-axis and Z-axis
are present in some drawings. The axes in each drawing
correspond to the respective axes in other drawings. Upper
sides and lower sides in FIGS. 6 and 7 correspond to a front
side and a rear side, respectively.

Asillustrated in FIG. 1, a television device TV includes the
liquid crystal display device 10, front and rear cabinets Ca and
Cb that hold the liquid crystal display device 10 therebe-
tween, a power source P, a tuner T, and a stand S. An overall
shape ofthe liquid crystal display device (adisplay device) 10
is a landscape rectangular. The liquid crystal display device
10 is held in a vertical position. As illustrated in FIG. 2, the
liquid crystal display device 10 includes a liquid crystal panel
11 as a display panel and a backlight unit (a lighting device)
12. The liquid crystal panel 11 and the backlight unit 12 are
held with a bezel 13 having a frame-like shape.

As illustrated in FIG. 2, the liquid crystal panel has a
landscape rectangular shape (rectangular and longitudinal) in
aplan view and includes a pair of glass substrates 11a and 115
and liquid crystals. The substrates 11a and 1156 each having
high light transmissivity are bonded together with a predeter-
mined gap therebetween. The liquid crystals are sealed
between the substrates 11a and 115. On one of the substrates,
switching components (e.g., TFTs), pixel electrodes, and an
alignment film are arranged. The switching components are
connected to source lines and gate lines that are perpendicular
to each other. The pixel electrodes are connected to the
switching components. On the other substrate, a color filter,
counter electrodes, and an alignment film are arranged. The
color filter has color sections such as R (red), G (green) and B
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(blue) color sections that are arranged in a predetermined
pattern. Polarizing plates are arranged on outer sides of the
substrates.

As illustrated in FIG. 2, the backlight unit 12 includes a
chassis 14 and an optical member 15. The chassis 14 has a
light exit portion 14¢ that opens to the front side (a light exit
side, a liquid crystal panel 11 side). The optical member 15
covers the light exit portion 14¢. The chassis 14 holds LEDs
(Light Emitting Diodes) 17 as light sources, LED boards 18
on each which the LEDs 17 are mounted, a light guide plate (a
light guide member) 19, and a frame (a holding member) 16.
The light guide plate 19 is configured to guide light from the
LEDs 17 toward the front side, i.e., toward a light exit portion
14c¢ side (an optical member 15 side, the liquid crystal panel
11 side). The frame 16 presses the light guide plate 19 and the
optical member 15 from the front side. A duct member 22, an
LED drive board (a light source drive board) 24, and a control
board 25 are attached on a rear side outer portion of the
chassis 14. The duct member 22 has an air passage (air
through path, air blowing paths) 23 to dissipate heat from the
LEDs 17. The LED drive board 24 is configured to supply
driving power to the LEDs 17. The control board 25 is con-
figured to send signals to the liquid crystal panel 11 to drive
liquid crystals. The backlight unit 12 is an edge-type back-
light unit (or side-light type) and includes the LED boards 18
and the light guide plate 19. Each of the LED boards 18
having the LEDs 17 is disposed in each long-side end portion
of the backlight unit 12. The light guide plate 19 is disposed
at an inner area of the backlight unit 12 between the LED
boards 18. Hereinafter, components of the backlight unit 12
will be described in detail.

The chassis 14 is made of a metal plate such as an alumi-
num plate and an electrolytic zinc-coated steel sheet (SECC).
As illustrated in FIGS. 2 and 3, the chassis 14 has a landscape
rectangular shape in a plan view, similar to the liquid crystal
panel 11. A long-side direction and a short-side direction of
the chassis 14 correspond to the X-axis direction (the hori-
zontal direction) and the Y-axis direction (the vertical direc-
tion), respectively. The chassis 14 is opposite aback side of
the light guide plate 19. The chassis 14 includes a bottom
plate 14a and a pair of side plates 145. The bottom plate 14a
receives the light guide plate 19. Each of the side plates 145
protrudes from each short-side end portion of the bottom
plate 14a toward the front side. The light guide plate 19 is
sandwiched between the side plates 144 in the chassis 14. The
bottom plate 14a has a plate-like shape extending in the
X-axis and the Y-axis. Each of the side plate 145 has a plate-
like shape extending in the Y-axis direction and the Z-axis
direction. The frame 16 and the bezel 13 can be fixed to the
side plate 145 with screws.

As illustrated in FIG. 2, similar to the liquid crystal panel
11 and the chassis 14, the optical member 15 has a landscape
rectangular shape in a plan view. The optical member 15 is
placed on a front surface (a light exit side surface) of the light
guide plate 19 and located between the liquid crystal panel 11
and the light guide plate 19. The optical member 15 includes
a diffuser plate 154 arranged on the rear side and optical
sheets 1556 arranged on the front side. The diffuser plate 154
includes a plate-like base having a predetermined thickness.
The base is made of substantially transparent synthetic resin
with light-scattering particles dispersed therein. Light is dif-
fused by the diffuser plate 154 while passing therethrough.
Each optical sheet 155 has a sheet-like shape with a thickness
smaller than that of the diffuser plate 15a. Three sheets are
overlaid with each other. Each of the optical sheets 155 may
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be any one selected from a diffuser sheet, a lens sheet, and a
reflecting type polarizing sheet. In FIG. 6, the optical member
15 is simplified.

As illustrated in FIG. 2, the frame 16 has a frame shape
extending along outer edge portions of the optical member 15
and the light guide plate 19. The frame 16 is opposite the outer
edge portions of the optical member 15 and the light guide
plate 19 so as to hold down substantially entire edges of the
optical member 15 and the light guide plate 19 from the front
side. The frame 16 is made of synthetic resin. The front
surface of the frame 16 may be colored in black so as to have
light blocking properties. As illustrated in FIG. 6, first reflec-
tion sheets 20 that reflect light are attached on a rear surface
of respective long-side portions of the frame 16, i.e. a surface
opposite the light guide plate 19 and the LED board 18 (the
LEDs 17). Each of the first reflection sheets 20 extends over
substantially an entire length of the long-side portion of the
frame 16. The first reflection sheet 20 covers corresponding
end portions on an LED 17 side of the light guide plate 19 and
the LED board 18 from the front side together. The frame 16
receives outer edge portions of the liquid crystal panel 11
from the rear side.

As illustrated in FIGS. 3 and 6, each of the LEDs 17
includes an LED chip that is arranged on a board fixed on the
LED board 18 and sealed with resin. The LED chip mounted
on the board has one main light emission wavelength. Spe-
cifically, the LED chip that emits light in a single color of blue
is used. The resin that reals the LED chip contains phosphors
dispersed therein. The phosphors emit light in a predeter-
mined color when excited by blue light emitted from the LED
chip. Thus, overall color of light emitted from the LED 17 is
while. The phosphors may be selected, as appropriate, from
yellow phosphors that emit yellow light, green phosphors that
emit green light, and red phosphors that emit red light. The
phosphors may be used in combination of the above phos-
phors. The LED 17 includes a light-emitting surface that is
opposite from a surface of the LED 17 on which the LED
board 18 is mounted. Namely, the LED 17 is a top-surface-
emitting type LED.

As illustrated in FIGS. 2, 3, and 6, each LED board 18 has
an elongated plate-like shape extending in a long-side direc-
tion of the chassis 14 (the X-axis direction, a long-side direc-
tion of a light entrance surface 195 of the light guide plate 19).
The LED board 18 is arranged in the chassis 14 such that plate
surfaces of the LED board 18 are parallel to the X-Z plane,
i.e., perpendicular to plate surfaces of the liquid crystal panel
11 and the light guide plate 19 (the optical member 15). The
LED board 18 includes a mount surface on which the LEDs
17 are surface-mounted. The mount surface is a plate surface
that faces an inner side, namely, a surface of the LED board 18
that faces the light guide plate 19 (the surface opposite the
light guide plate 19). The LEDs 17 are apart from each other
and arranged in line (i.e., linearly) on the mount surface of the
LED board 18 along the long-side direction of the LED board
18 (the X-axis direction). In other words, multiple LEDs 17
are arranged at intervals in each of the long-side end portions
of the backlight unit 12 along the long-side direction. Dis-
tances between the adjacent LEDs 17 in the X-axis direction
are substantially equal, that is, the LEDs 17 are arranged at
substantially equal intervals. An arrangement direction of the
LEDs 17 corresponds to a longitudinal direction of the LED
board 18 (the X-axis direction).

A metal-film trace (not illustrated), such as copper-foil
trace, is formed on the mount surface of each LED board 18.
The metal-film trace extends in the X-axis direction and
crosses over a group of the LEDs so as to connect the adjacent
LEDs 17 in series. Terminals at ends of each trace are con-
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nected to an external LED drive circuit board (not illustrated).
Thus, driving power is supplied to the LEDs 17. The LED
boards 18 in pairs that are arranged in the chassis 14 such that
the mount surface of each LED board 18 on which the LEDs
17 are mounted are opposite to each other. The light-emitting-
surface of each LED on one of the LED boards 18 is opposite
the light-emitting-surface of the corresponding LED 17 on
the other LED board 18. A light axis of each LED 17 substan-
tially corresponds to the Y-axis direction. In other words, the
LEDs 17 on each LED board 18 is arranged opposite the
corresponding end portion of the light guide plate 19 in the
Y-axis direction (a long-side end portion). A base member of
each LED board 18 is made of metal, similar to the chassis 14.
The traces (not illustrated) are formed on the surface of the
LED board 18 with an insulating layer in between. A material
used for the LED board 18 may be an insulating material such
as ceramic.

The light guide plate 19 is made of substantially transpar-
ent (high transmissivity) synthetic resin (e.g. acrylic resin or
polycarbonate such as PMMA) that has a refractive index
sufficiently higher than that of the air. As illustrated in FIG. 2,
the light guide plate 19 has a landscape rectangular shape in a
plan view similar to the liquid crystal panel 11 and the chassis
14. The light guide plate 19 has a thickness that is larger than
that of the light guide plate 19. A long-side direction and a
short-side direction of the plate surface of the light guide plate
19 correspond to the X-axis direction and the Y-axis direction,
respectively. A thickness direction of the light guide plate 19
that is perpendicular to the surface of the light guide plate 19
corresponds to the Z-axis direction. As illustrated in FIG. 6,
the light guide plate 19 is arranged right behind the liquid
crystal panel 11 and the optical member 15 in the chassis 14
and located between the LED boards 18 arranged in the
long-side edges of the chassis 14 in the Y-axis direction.
Namely, an arrangement direction between the LEDs 17 (or
the LED board 18) and the light guide plate 19 corresponds to
the Y-axis direction. An arrangement direction between the
optical member 15 (or the liquid crystal panel 11) and the
light guide plate 19 corresponds to the Z-axis direction. The
both arrangement directions are perpendicular to each other.
Thelight guide plate 19 is configured to guide the light, which
is emitted from the LEDs 17 in the Y-axis direction and enters
the light guide plate 19, toward the optical member 15 (on the
front side).

The light guide plate 19 has a plate-like shape extending
along plate surfaces of the bottom plate 14a of the chassis 14
and the optical member 15. Plate surfaces of the light guide
plate 19 are parallel to the X-Y plane. One of the plate sur-
faces (a surface opposite the optical member 15) of the light
guide plate 19 on the front side is alight exit surface 19a. Light
that is inside the light guide plate 19 exits through the light
exit surface 194 toward the optical member 15 and the liquid
crystal panel 11. The light guide plate 19 includes outer
peripheral surfaces that are adjacent to the plate surfaces
thereof. Among the outer peripheral surfaces, each long-side
surface having a shape elongated along the X-axis direction is
opposite the corresponding LEDs 17 (or the LED board 18)
with a predetermined space therebetween. The long-side sur-
faces are light entrance surfaces 195 through each of which
light emitted by the LEDs 17 enters the light guide plate 19.
Each of the light entrance surfaces 195 is parallel to the
X-axis direction (the arrangement direction of the LEDs 17)
and the Z-axis direction. In other words, the light entrance
surface 195 is parallel to a main plate surface of the LED
board 18, and substantially perpendicular to the light exit
surface 19a. An arrangement direction between the LEDs 17
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and the light entrance surfaces 196 corresponds to the Y-axis
direction, and parallel to the light exit surface 194.

One of the plate surfaces of the light guide plate 19 on the
rear side is a plate surface 19¢ that is opposite from the light
exit surface 19a. A second reflection sheet 21 covers an entire
area of the plate surface 19¢. A part of light passing through
the light guide plate 19 is reflected by the second reflection
sheet 21 toward the front side. The second reflection sheet 21
has long-side end portions that extend outward from the
respective light entrance surfaces 1956 of the light guide plate
19. Each of the extended long-side end portions faces the
corresponding first reflection sheet 20 from the rear side.
Between the first reflection sheet 20 and the corresponding
extended long-side end portion of the second reflection sheet
21, the LEDs 17 and the light entrance surface 195 are dis-
posed with a space between each other. The space is between
the first reflection sheet 20 and the extended long-side end
portion of the second reflection sheet 21. Therefore, light that
travels from the LEDs 17 toward the light entrance surface
195 is repeatedly reflected by the first reflection sheet 20 and
the second reflection sheet 21, and thus the light efficiently
enters the light guide plate 19. At least one of the light exit
surface 194 and the plate surface 19¢ opposite to the light exit
surface 194 of the light guide plate 19 has a reflection portion
(not illustrated) or a scattering portion (not illustrated). The
reflection portion is configured to reflect the light in the light
guide plate 19. The scattering portion (not illustrated) is con-
figured to scatter the light in the light guide plate 19. The
reflection portion or the scattering portion may be formed by
patterning so as to have a specified in-plane distribution. This
configuration regulates the light from the light exit surface
194 to have an even in-plane distribution.

Next, the LED drive board 24, the control board 25, and the
duct member 22 that are attached on the rear side outer por-
tion of the chassis 14 will be described in detail. The LED
drive board 24 includes a board that is made of a synthetic
resin (a phenolic paper or a glass epoxy resin, for example). A
circuit pattern is formed on the board and electric components
are mounted thereon. As illustrated in FIGS. 2, 5, and 6, the
LED drive board 24 is connected to the LED boards 18
disposed inside the chassis 14 and the power source P (see
FIG. 1) disposed outside the chassis 14 via electric wires or
flexible boards. The LED drive board 24 is configured to
control turning on and off of the LEDs 17 mounted on the
LED boards 18 by supplying driving voltages received from
the power source P to the LEDs 17. The control board 25
includes a board that is made of a synthetic resin (a phenolic
paper or a glass epoxy resin, for example) with a circuit
pattern thereon. The control board 25 is configured to convert
television signals, which are sent from the tuner T, to driving
signals for liquid crystals, and supply the driving signals to
the liquid crystal panel 11. The control board 25 is connected
to the liquid crystal panel 11 via flexible boards on which
drivers for driving liquid crystals are mounted (not illus-
trated). The LED drive board 24 and the control board 25 are
located in a substantially middle area of the bottom plate 14a
of'the chassis 14 in the long-side direction and the short-side
direction. The LED drive board 24 and the control board 25
are arranged adjacent to each other in the short-side direction.
The bottom plate 14a of the chassis 14 includes mount bases
14d that project from a part of the bottom plate 14a toward the
rear side. The LED drive board 24 and the control board 25 are
attached to the mount bases 144 with screws.

Next, the duct member 22 will be described. The duct
member 22 is formed by pressing a plate made of metal (e.g.
aluminum or iron). As illustrated in FIGS. 2 and 4, the duct
member 22 has a substantially ladder shape as a whole in a
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plan view. Further, the duct member 22 has a substantially
hollow shape with an opening on the front side such that the
duct member 22 has an air passage 23 between the duct
member 22 and the chassis 14. The duct member 22 includes
a bottom wall 26 and sidewalls 27. The bottom wall 26 is
parallel to the bottom plate 14a of the chassis 14 and has a
substantially ladder shape in a plan view. The sidewalls 27
that project from respective outer peripheral edges of the
bottom wall 26 toward the front side are arranged opposite to
each other in pairs. A space that is surrounded and defined by
the bottom wall 26, the sidewalls 27, and the bottom plate 14a
of the chassis 14 is the air passage 23. The duct member 22
having such a configuration is mounted on the back surface
side of the chassis 14, and thus the chassis 14 is strengthened.
Further, with the air passage 23 provided between the duct
member 22 and the chassis 14, air that flows through the air
passage 23 is less likely to leak into a space within the chassis
14 and dust that may exist in the air passage 23 is less likely
to penetrate into the space within the chassis 14. With this
configuration, the dust is less likely to be attached to the light
guide plate 19 or the LEDs 17 and thus sufficient optical
performance can be exerted.

As illustrated in FIGS. 2 and 4, the duct member 22
includes a pair of first duct portions 28 and a pair of second
duct portions 29. The first duct portions 28 extend along the
long-side direction (the X-axis direction, a longitudinal direc-
tion of the LED board 18) of the chassis 14. The second duct
portions 29 extend along the short-side direction (the Y-axis
direction, a direction perpendicular to a direction in which the
first duct portion 28 extends) of the chassis 14. Fans (blowers)
31 are disposed in each of the second duct portions 29. Each
second duct portion 29 has end portions with respect to an
extending direction thereof. Each of the end portions is con-
nected to an intermediate portion of the corresponding first
duct portion 28 with respect to an extending direction thereof.
When the fans 31 mounted in the second duct portion 29 blow
air inside the air passage 23, the air flows from the second duct
portion 29 toward the first duct portions 28. Namely, the
second duct portion 29 is an upstream side and the first duct
portion 28 is a downstream side. In each of FIGS. 4 and 6 to
8, airflow directions in the air passage 23 are indicated by
arrows. The bottom wall 26 of the duct member 22 includes
first bottom wall portions 26« included in the first duct por-
tions 28 and second bottom wall portions 265 included in the
second duct portions 29. The sidewalls 27 include a pair of
first sidewall portions 27a and 276 included in the first duct
portion 28 and a pair of second sidewall portions 27¢ and 27d
included in the second duct portion 29. The air passage 23 in
the duct member 22 includes first air passages 23a in the first
duct portions 28 and second air passages 235 in the second
duct portions 29.

As illustrated in FIGS. 4 and 5, the first duct portion 28
covers an end portion of the chassis 14 extending in the
long-side direction of the chassis 14 from the rear side. The
first duct portion 28 extends over substantially an entire
length of the long-side end portion. The first duct portion 28
has edge-side outlets 32 at respective ends with respect to a
long-side direction thereof. Each of the edge-side outlets 32
opens to the outside so that air in the corresponding first air
passage 23a exits therethrough. The first duct portion 28
includes the first bottom wall portion 26a and the first side-
wall portions 27a and 275. The first bottom wall portion 264
has an elongated shape extending along the long-side direc-
tion of the chassis 14. The first sidewall portions 27a and 275
protrude from end portions of the first bottom wall portion
26a along an extending direction (the X-axis direction) of the
first bottom wall portion 26a toward the front side. Each first

10

15

20

25

30

35

40

45

50

55

60

65

12

sidewall portion 27a, 27b extends over substantially an entire
length of the first bottom wall portion 26a. The first bottom
wall portion 264 has an outer end portion along the extending
direction thereof that is substantially straight over the entire
length. The first sidewall portion 274 on the outer side that is
formed along the outer end portion of the first bottom wall
portion 26a has a straight shape over the substantially entire
length. On the other hand, the first bottom wall portion 26a
has an inner end portion along the extending direction and a
part of the inner end portion has a tapered shape in a plan view.
The first sidewall portion 275 on the inner side that is formed
along the inner end portion of the first bottom wall portion
26a has a portion having a tapered shape in a plan view.
Specifically, a width of the first bottom wall portion 264 and
a distance between the pair of sidewall portions 27a and 275,
that is, a width of the first air passage 23 varies in the length
direction (the X-axis direction). The first duct portion 28 has
a maximum width in a connection area (a portion through
which air flows to the first duct portion 28) with the second
duct portion 29 and a width of the first duct portion 28 gradu-
ally and continuously reduces as is away from the connection
area (as is closer to the outlets 32, 33). Namely, each first side
wall portion 276 on the inner side includes tapered portions
27h1 that serve as straightening plates to straighten and
smooth the air flow in the first air passage 23a. The first
sidewall portion 275 on the inner side has openings to be
communicated with the respective second duct portions 29.
An opening edge of each opening is connected to the second
sidewall portions 27¢ and 27d. Each of the edge-side outlets
32 opens to the outside at each end of the first duct portion 28
in the X-axis direction, i.e., opens along a wall surface of the
corresponding first bottom wall portion 264. In other words,
the edge-side outlet 32 opens to the radially outer side of the
duct member 22.

As illustrated in FIGS. 2 and 6, the first sidewall portion
27a on the outer side that protrudes from the first bottom wall
portion 264 has a protruding height greater than that of the
first sidewall portion 275 on the inner side. The first sidewall
portion 275 on the outer side includes an LED attachment
portion 305 at a protruded end portion thereof. The LED
attachment portion 305 is located on the front side relative to
the bottom plate 14a of the chassis 14. The LED board 18 is
arranged on the LED attachment portion 305. The first side-
wall portion 27a on the outer side further includes a heat
dissipation portion 30a at a protruding base portion thereof.
The heat dissipation portion 30a is located on the rear side of
the bottom plate 14a of the chassis 14. The heat dissipation
portion 30a faces the first air passage 23a so that air that
passes through the first air passage 23a cools down the heat
dissipation portion 30a. Namely, the first sidewall portion 274
of each first duct portion 28 constitutes a dissipative LED
attachment portion 30 including the heat dissipation portion
30a and the LED attachment portion 305. The heat dissipa-
tion portion 30a is located outside the chassis 14 and faces the
first air passage 23a. The LED attachment portion 305 pro-
trudes to a space within the chassis 14 and the LEDs 17 are
mounted thereon. Accordingly, one pair of the first duct por-
tions 28 includes one pair of the dissipative LED attachment
portions 30. The dissipative LED attachment portions 30 are
arranged outside the respective ends in the short-side direc-
tion of the chassis 14 so as to sandwich the chassis 14 in the
short-side direction.

As illustrated in FIGS. 4 and 6, the LED attachment portion
304 of the dissipative LED attachment portion 30 extends
over a substantially entire length of the LED board 18 in the
X-axis direction. The LED board 18 is attached on an inner
wall of the LED attachment portion 306. The LED attachment
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portion 305 extends along an arrangement direction in which
the multiple LEDs 17 on the LED board 18 are arranged.
Therefore, heat generated by the arranged LEDs 17 is effi-
ciently transferred to the LED attachment portion 3056. As
illustrated in FIG. 3, the LED attachment portions 305 are
arranged on end portions of the chassis 14 along the long-side
direction. Since the side plates 145 of the chassis 14 are
located on the short-side end portions of the chassis 14, the
LED attachment portions 305 and the side plates 145 sur-
round the outer peripheral surfaces of the light guide plate 19.
As illustrated in FIGS. 4 and 6, each heat dissipation portion
30a extends along the X-axis direction having the same
length as the LED attachment portion 305. An inner plate
surface of the heat dissipation portion 30a faces the first air
passage 23a of the first duct portion 28. Therefore, heat is
efficiently transferred from the LED attachment portion 3056
to the heat dissipation portion 30a. Further, a substantially
entire area of the inner plate surface of the heat dissipation
portion 30a is subject to the air that passes through the first air
passage 23a. Therefore, heat that is generated by the LEDs 17
and transferred from the LED attachment portion 305 is effec-
tively dissipated. The heat dissipation portion 30a and the
LED attachment portion 305 continue to each other without
any steps. In other words, the dissipative LED attachment
portion 30 is a flat plate without any bent portions. The heat
dissipation portion 30a of the dissipative LED attachment
portion 30 that faces the first air passage 23a has a middle
outlet 33. The middle outlet 33 opens to the outside for
discharging air in the first air passage 23a to the outside. The
middle outlet 33 is at a middle portion of the dissipative LED
attachment portion 30 in the long-side direction between the
second duct portions 29. Air that flows from the second air
passages 235 of the second duct portions 29 to the first air
passage 23a of the first duct portion 28 partially flows to the
middle side of the first duct portion 28. The air in the middle
side of the first duct portion 28 is efficiently exit to the outside
through the middle outlet 33. The middle outlet 33 opens to
the outside in the Y-axis direction, i.e., opens along the wall
surface of the first bottom wall portion 264, that is, opens to
the radially outer side of the duct member 22.

As illustrated in FIG. 5, the second duct portions 29 are
band-like portions in pairs that are arranged apart from each
other in the long-side direction of the chassis 14. Each of the
second duct portions 29 extends along the short-side direction
of'the chassis 14 and covers substantially an entire short-side
length of the chassis 14 from the rear side. End portions of
each second duct portion 29 in an extending direction (the
Y-axis direction) thereof are connected to the first duct por-
tions 28, respectively. As illustrated in FIG. 4, each of the
second duct portions 29 is connected to the intermediate area
of'the first duct portion 28 that is located between each of the
end portions and the middle portion ofthe first duct portion 28
with respect to the extending direction thereof (the X-axis
direction). Therefore, a distance between the second duct
portion 29 and the edge-side outlet 32 of the first duct portion
28 substantially equals to a distance between the second duct
portion 29 and the middle outlet 33. The second duct portion
29 includes the second bottom wall portion 265 and the pair of
second sidewall portions 27¢ and 27d. The second bottom
wall portion 265 has an elongated shape extending along the
short-side direction of the chassis 14. The second sidewall
portions 27¢ and 27d extend from end portions along an
extending direction (the Y-axis direction) of the second bot-
tom wall portion 265 toward the front side. The second side-
wall portions 27¢ and 274 extend along an entire length of the
second bottom wall portion 265. The second bottom wall
portion 2654 has a substantially constant width over its entire
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length. Since the second sidewall portions 27¢ and 27d are
arranged at end portions in the width direction of the second
bottom wall portion 265, each of the second sidewall portions
27¢ and 274 has a straight shape over its entire length in the
extending direction.

As illustrated in FIGS. 4 and 7, the fans 31 are mounted on
the second bottom wall portions 265 of the second duct por-
tions 29. The fans 31 are configured to blow air in the air
passage 23 to improve air-flow properties. The fans 31 are
symmetrically arranged in pairs at end areas in the longitudi-
nal direction of each second duct portion 29. Specifically,
each fan 31 is a multi-blade blower so-called a sirocco fan and
includes a fan case (a casing), an impeller, and a motor. The
impeller is rotatably disposed inside the fan case. The motor
is configured to rotate the impeller. The fan case has a blowing
port (anair blow port) 31a through which air blows out and an
intake port (a suction port) 315 through which air flows in.
Theblowing port 31a and the intake port 315 open to opposite
directions. The impeller having a substantially cylindrical
shape includes multiple vanes (blades) that are arranged
along the periphery at substantially the same pitch angle. The
motor includes a driving shaft that is connected to the impel-
ler to rotate the impeller at a predetermined speed. Accord-
ingly, the fan 31 takes air therein through the intake port 315
when the motor drives and the impeller rotates, and blows out
the air through the blowing port 314 at a predetermined wind
pressure (wind volume). The blowing port 31a and the intake
port 315 of the fan 31 open to the opposite sides in the Y-axis
direction in the second duct portion 29. Specifically, the blow-
ing port 31a faces the first duct portion 28 that is adjacent to
the fan 31. The intake port 315 faces a middle portion of the
second duct portion 29 with respect to the longitudinal direc-
tion thereof. In such an attachment position, because the
blowing port 31a of the fan 31 faces heat dissipation portion
30a of'the dissipative LED attachment portion 30, air flowing
out through the blowing port 31a efficiently hits the heat
dissipation portion 30a and promotes heat dissipation.

As illustrated in FIGS. 4 and 7, the pair of second sidewall
portions 27¢ and 274 included in each second duct portion 29
has inlets 34 and 35. Each of the inlets 34 and 35 opens to the
outside so that external air flows into the second air passage
23b therethrough. Each inlet 34, 35 is formed in a middle area
of'the second duct portion 29 that is inward from the ends of
the second duct portion 29 with respect to its longitudinal
direction (the Y-axis) or that is inward from the fans 31. With
such a configuration, the outside air flows into each fan 31
through the intake port 315. Specifically, each second side-
wall portion 27¢ that is located on the inner side than the
corresponding second sidewall portion 274 has a pair of inner
inlets 34. Each second sidewall portion 27d that is located on
the outer side than the corresponding second sidewall portion
27¢ has a pair of outer inlets 35. The inner inlets 34 and the
outer inlets 35 are displaced (in an offset position) to each
other in a longitudinal direction (the Y-axis direction or a
direction along the wall surface of the second bottom wall
portion 265) of the second duct portion 29 or the second air
passage 23b. With this configuration, the strength of the sec-
ond duct portion 29, which may be lowered by forming open-
ings such as inlets 34 or 35 in the second duct portion 29, is
less likely to be lowered. The inner inlets 34 are located closer
to the middle area of the second duct portion 29 than the outer
inlets 35 with respect to the longitudinal direction of the
second duct portion 29. In other words, the inner inlets 34 are
located relatively far from the fans 31. Each inner inlet 34 has
an opening width (an opening area) relatively smaller than
that of outer inlet 35. The paired inner inlets 34 and the paired
outer inlets 35 are respectively arranged at symmetrical posi-
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tions with respect to a center of the second duct portion 29 in
the longitudinal direction. Each of the inlets 34 and 35 opens
to the outside in the X-axis direction in the second duct
portion 29, that is, along the wall surface of the second bottom
wall portion 265. The inner inlets 34 open inward in the radial
direction of the duct member 22. The outer inlets 35 open
outward in the radial direction of the duct member 22.

As illustrated in FIGS. 2 and 7, the chassis 14 includes
fixing pieces 36 to fix the duct member 22 having the above-
described configuration and the chassis 14 together. The fix-
ing pieces 36 extend from respective end portions of the
bottom plate 14a along the long-side direction (the X-axis
direction) in the chassis 14 toward the rear side, that is, toward
the duct member 22. Each fixing piece 36 is a small plate
having landscape rectangular shape in a side view. A plate
surface of the fixing piece 36 is parallel to the X-Z plane. In
other words, the fixing piece 36 is parallel to the dissipative
LED attachment portion 30 (or the first sidewall portion 27a).
The fixing piece 36 is in surface contact with an inner plate
surface of the dissipative LED attachment portion 30, and
fixed thereto by welding or screws. The fixing piece 36 that is
fixed to the heat dissipation portion 30a of the dissipative
LED attachment portion 30 faces the first air passage 23a of
the first duct portion 28. The fixing pieces 36 are arranged in
pairs at each long-side end portion of the bottom plate 14a in
the long-side direction so as to be spaced from each other in
the long-side direction. When the duct member 22 is mounted
to the chassis 14, each fixing piece 36 overlaps the second
duct portion 29 in the X-axis direction. The fixing piece 36
that is fixed to the dissipative LED attachment portion 30 is
located in the first air passage 23a of the first duct portion 28,
and is located on a position straight in front of (opposite) the
blowing port 31a of the fan 31. In this configuration, air blown
from the fan 31 toward the first air passage 23a directly hits
the fixing piece 36 that is located straight in front of the fan 31.
The air is less likely to hit a portion of the heat dissipation
portion 30a of the dissipative LED attachment portion 30 that
is located straight in front of the fan 31. Therefore, the portion
of the heat dissipation portion 30a is less likely to be locally
cooled down.

As illustrated in FIG. 5, since the duct member 22 covers a
part of the chassis 14 from the rear side, the chassis 14
includes a ductless area where the duct member 22 is not
disposed. In the ductless area, the LED drive board 24 and the
control board 25 having the above-described configurations
are arranged next to the duct member 22. In other words, each
ofthe LED drive board 24 and the control board 25 is attached
to the chassis 14 so as to be adjacent to each other in the X-Y
plane without overlaid with the duct member 22 in a front-
rear relation in the Z-axis direction. Therefore, the thickness
of'the backlight unit 12 can be reduced. Specifically, the LED
drive board 24 and the control board 25 are arranged in the
middle portion of the chassis 14 in the X-axis direction and
the Y-axis direction, and sandwiched between the pair of the
first duct portions 28 and between the pair of the second duct
portions 29. In other words, the LED drive board 24 and the
control board 25 are surrounded by the pair of the first duct
portions 28 and the pair of the second duct portions 29 that
form a frame-like shape (a ring-like shape) as a whole. Fur-
ther, the duct member 22 protrudes from the chassis 14 toward
the rear side further than the LED drive board 24 and the
control board 25. Therefore, the pair of the first duct portions
28 and the pair of the second duct portions 29 can protect the
LED drive board 24 and the control board 25. Furthermore,
the LED drive board 24 and the control board 25 are located
in an outer side area (in an offset position) with respect to the
inner inlets 34, which is formed in the second sidewall portion
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27¢ on the inside of the second duct portion 29, in the Y-axis
direction (the direction along the wall surface of the second
bottom wall portion 265). Therefore, even if the LED drive
board 24 and the control board 25 generate heat, relatively
high-temperature air around the LED drive board 24 and the
control board 25 is less likely to flow through the inner inlet
34, and relatively low-temperature air flows through the inner
inlet 34. This maintains high heat dissipation performance of
the dissipative LED attachment portion.

The present embodiment has the above-described struc-
ture, and an operation thereof will be described. When the
liquid crystal display device 10 having the above-described
structure is tuned on, driving of the liquid crystal panel 11 is
controlled by a control circuit on the control board 25, and
driving of the LED 17 on the LED board 18 is controlled by
driving power provided from an LED drive circuit on the LED
drive board 24. The light emitted from each LED 17 is guided
by the light guide plate 19 and applied to the liquid crystal
panel 11 via the optical member 15. As a result, images are
displayed on the liquid crystal panel 11. Hereinafter, opera-
tions of the backlight unit 12 will be explained.

As illustrated in FIG. 6, when the LED 17 is turned on, light
emitted from the LED 17 enters the light guide plate 19
through the light entrance surface 1956. The LED 17 and the
light entrance surface 195 are arranged with a predetermined
space therebetween. The space is between the first reflection
sheet 20 on the front side and the second reflection sheet 21 on
the rear side. Therefore, light from the LED 17 is repeatedly
reflected by the both reflection sheets 20 and 21 and thus the
light efficiently enters through the light entrance surface 195.
The light through the light entrance surface 195 is totally
reflected by a boundary between the light guide plate 19 and
air, or reflected by the second reflection sheet 21 while trav-
eling through the light guide plate 19, and exits through the
light exit surface 19a toward the optical member 15 on the
front side.

As illustrated in FIGS. 6 to 8, heat generated by light
emission of the LEDs 17 is transferred to the LED attachment
portion 305 of the dissipative LED attachment portion 30 of
the duct member 22 via the LED board 18. The heat is trans-
ferred to the heat dissipation portion 30a on the outside of the
chassis 14. Because the heat dissipation portion 30a faces the
air passage 23 (the first air passage 23a) of the duct member
22, the heat transferred to the heat dissipation portion 30a
dissipates through the air that flows through the air passage
23. Thus, heat from the LEDs 17 dissipates. To accelerate the
dissipation of heat from the LEDs 17, fans 31 disposed in the
duct member 22 are driven and to forcibly intake and exhaust
air through the air passage 23. A temperature sensor (not
illustrated) may be disposed in the backlight unit 12 and the
fans 31 may be driven only when an environmental tempera-
ture reaches a predetermined level. Or else, the fans 31 may be
always driven while the liquid crystal display device 10 is
powered on. As illustrated in FIG. 4, when the fans 31 are
driven, external air is drawn into the second air passage 235
through the inlets 34, 35 of the second duct portion 29, and the
air is drawn into each fan 31 through the corresponding intake
port 315. Each of the inner inlets 34 is arranged offset from
the LED drive board 24 and the control board 25. Therefore,
even if the LED drive board 24 and the control board 25 are
driven and generate heat, relatively low-temperature air is
drawn through the inner inlet 34. The air is blown toward the
first air passage 23a of the first duct portion 28 through the
blowing port 31a. The air blown to the first air passage 23a
directly hits each of the fixing pieces 36 of the chassis 14 that
is arranged opposite the blowing port 31a of each fan 31 (FIG.
7). The fixing piece 36 covers a part of the heat dissipation
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portion 30a of the dissipative LED attachment portion 30.
The covered part of the heat dissipation portion 30a does not
directly receive the air from the fan 31. Therefore, the covered
part is less likely to be excessively cooled down compared
with the other part of the heat dissipation portion 30a. With
this configuration, the overall heat dissipation portion 30aq is
evenly cooled down. The air that hits each fixing piece 36
flows to be branched into two directions along the X-axis
direction. The heat dissipation portion 30a dissipates heat
through the air flowing through the first air passage 23a in the
X-axis direction. The air flowing toward an end of the first
duct portion 28 exits through the edge-side outlet 32 to the
outside. The air flowing toward a middle of the first duct
portion 28 exits through the middle outlet 33 to the outside. As
described above, since the fans 31 enforce air circulation in
the air passage 23, the heat dissipation portion 30a of the
dissipative LED attachment portion 30 that faces the air pas-
sage 23 is efficiently cooled down, and thus heat from each
LED 17 is dissipated. With this configuration, even if the
LEDs 17 are collectively arranged close to the end portion of
the chassis 14 and heat is more likely to stay at the end, heat
dissipation efficiency is enhanced in the backlight unit 12.
Accordingly, output of the LEDs 17 can be increased and
brightness of exit light from the backlight unit 12 may be
easily improved.

As described above, the backlight unit (the lighting device)
12 according to this embodiment includes the chassis 14, the
LEDs (the light source) 17, the light guide plate (the light
guide member) 19, the duct member 22, and the dissipative
LED attachment portion (dissipative light source attachment
portion) 30. The chassis 14 includes the light exit portion 14¢
through which light exits. The LEDs 17 are arranged close to
the end portion of the chassis 14. The light guide plate 19 is
arranged closer to the middle area of the chassis 14 than the
LEDs 17 and configured to guide light from the LEDs 17
toward the light exit portion 14¢ side. The duct member 22 is
arranged on the side opposite to the light exit portion 14¢ side
of'the chassis 14 and has the air passage 23 there inside. The
dissipative LED attachment portion 30 is provided to the duct
member 22. One part (the heat dissipation portion 30a) of the
dissipative LED attachment portion 30 faces the air passage
23. Another part of the dissipative LED attachment portion 30
protrudes to a space within the chassis 14 and the LEDs 17 are
attached thereto.

In this configuration, the other part of the dissipative LED
attachment portion 30 protrudes to the space within the chas-
sis 14, and the LEDs 17 that are attached to the other part of
the dissipative LED attachment portion 30 are located close to
the end portion of the chassis 14. Light emitted from the LED
17 is directed toward the light exit portion 14¢ side of the
chassis 14 by the light guide plate 19 that is arranged in the
inner area of the chassis 14 from the LEDs 17. Heat generated
by light emission of the LED 17 is transferred to the one part
of'the dissipative LED attachment portion 30 that faces the air
passage 23 of the duct member 22, and the heat is efficiently
dissipated through air that flows through the air passage 23.
With this configuration, even in the backlight unit 12 in which
the LEDs 14 are arranged close to the end portion of the
chassis 14 and heat is more likely to stay the end portion, heat
dissipation properties remain high. Therefore, brightness of
exiting light may be easily enhanced by increasing output of
the LEDs 17. According to this embodiment, heat dissipation
properties can be improved.

The lighting device further includes the fan (the blower) 30
mounted on the duct member 22. The fan 31 includes the
blowing port 31a facing a part of the dissipative LED attach-
ment portion 30 and through which air flows to the air passage
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23. With this configuration, the air passing through the blow-
ing port 31a of the fan 31 toward the air passage 23 efficiently
hits a part of the dissipative LED attachment portion 30
opposite the blowing port 314, and thus heat from the LED 17
is efficiently dissipated.

The duct member 22 includes the bottom wall 26 and at
least a pair of sidewalls 27. The bottom wall 26 is opposite the
chassis 14. The at least a pair of sidewalls 27 protrude from
the bottom wall 26 toward the chassis 14 and face each other.
The air passage 23 is a space surrounded and defined by the
bottom wall 26, the at least a pair of sidewalls 27, and the
chassis 14. With this configuration, the chassis 14 can be
reinforced by the duct member 22 including the bottom wall
26 and the pair of sidewalls 27 that define the air passage 23
between the bottom wall 26 and the pair of sidewalls 27 and
the chassis 14.

The duct member 22 includes the inlet 34 for air intake to
the air passage and the outlet 35 for air exhaust from the air
passage 23. Each of the inlet 34 and the outlet 35 opens to the
outside along the wall surface of the bottom wall 26. With this
configuration, heat from the dissipative LED attachment por-
tion 30 is dissipated through air that flows through the inlets
34 and 35 into the air passage 23. The air through which the
heat dissipates from the dissipative LED attachment portion
30 flows to the outside through the outlets 32 and 33. Each of
the inlets 34 and 35 and the outlets 32 and 33 is formed so as
to open to the outside along the wall surface of the bottom
wall 26 of the duct member 22. If the inlets and outlets are
formed in the bottom wall 26, a space for air intake and air
exhaust is required behind the backlight unit 12. However,
with the above configuration, such a space is not required or
such a space is reduced.

At least one of the inlet 34, 35 and the outlet 32, 33 is
provided to each of the at least a pair of sidewalls 27 such that
the inlets 34 and 35 or the outlets 32 and 33 are displaced from
each other in the direction along the wall surface of the
bottom wall 26. Compared to a configuration that at least one
of'the inlet 34, 35 and the outlet 32, 33 is provided to each of
the at least a pair of sidewalls 27 such that the inlets 34 and 35
or the outlets 32 and 33 are opposed to each other in the
direction along the wall surface of the bottom wall, decrease
in strength of the duct member 22 that may be caused by
forming the inlets 34 and 35 or the outlets 32 and 33 is less
likely to occur.

The duct member 22 covers a part of the chassis 14, the
LED drive board (the light source drive board) 24 is provided
on the side of the chassis 14 that is opposite to the light exit
portion 14 side. The LED drive board 24 is located adjacent to
the duct member 22. The LED drive board 24 is configured to
provide adrive powerto the LED 17. In this configuration, the
LED drive board 24 is located on the side of the chassis 14
opposite to the light exit portion 14¢ side and adjacent to the
duct member 22. Therefore, a thickness of the backlight unit
12 can be reduced compared with a case in which the LED
drive board 24 is attached to the surface of the duct member
22 opposite to the chassis 14 side.

The duct member 22 includes the bottom wall 26 and at
least a pair of sidewalls 27. The bottom wall 26 is opposite the
chassis 14. The sidewalls 27 protrude from the bottom wall 26
toward the chassis 14 and face each other. The air passage 23
is a space surrounded and defined by the bottom wall 26, the
at least a pair of sidewalls 27, and the chassis 14. The second
sidewall 27¢ that is on the inside and adjacent to the LED
drive board 24 includes the inner inlet 34 that opens to the
outside along the wall surface of the bottom wall 26. The
inner inlet 34 is displaced from the LED drive board 24 in the
direction along the wall surface of the bottom wall 26. With
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this configuration, heat is dissipated from the dissipative LED
attachment portion 30 through air that flows into the air pas-
sage 23 through the inner inlet 34 that is provided in the
second sidewall portion 27¢ on the inner side of the duct
member 22. The second sidewall portion 27¢ adjacent to the
LED drive board 24 includes the inner inlet 34 that is dis-
placed from the LED drive board 24 in the direction along the
wall surface of the bottom wall 26. Therefore, even when the
LED drive board 24 provides drive power to the LED 17 and
the LED 17 generates heat, relatively low-temperature air
flows to the air passage 23 through the inlet 34. Accordingly,
sufficient heat dissipation performance can be obtained. Fur-
ther, the chassis 14 can be reinforced by the duct member 22.

The dissipative LED attachment portion 30 extends along
the end portion of the chassis 14 and the LEDs 17 are mounted
on the dissipative light source attachment portion so as to be
arranged in the extending direction of the dissipative LED
attachment portion 30. The air passage 23 of the duct member
22 is provided along the extending direction of the dissipative
LED attachment portion 30. In this configuration, the LEDs
17 are arranged in the extending direction of the dissipative
LED attachment portion 30. Therefore, heat generated by the
LEDs 17 is efficiently dissipated through air that flows in the
air passage 23 extending in the extending direction of the
dissipative LED attachment portion 30. Accordingly, suffi-
cient heat dissipation performance can be obtained.

The duct member 22 includes the first duct portion 28 and
the second duct portion 29. The first duct portion 28 extends
along the extending direction of the dissipative LED attach-
ment portion 30 and includes the dissipative LED attachment
portion 30. The second duct portion 29 extends in the direc-
tion across the extending direction of the dissipative LED
attachment portion 30. The second duct portion 29 is con-
nected to the first duct portion 29. The fan 31 is mounted to the
second duct portion 29. The fan 31 includes the blowing port
31a that is opposite a part of the dissipative LED attachment
portion 30. Air flows to the air passage 23 through the blowing
port 31a. In this configuration, the duct member 22 includes
the first duct portion 28 that extends along the extending
direction of the dissipative LED attachment portion 30. The
second duct portion 29 extends along the direction across the
extending direction of the dissipative LED attachment por-
tion 30 and connected to the first duct portion 28. This
increases the mechanical strength of the duct member 22 and
also reinforces the chassis 14 to which the duct member 22 is
attached. Further, the blower 31 is attached on the second duct
portion 29 and air that flows to the air passage 23 through the
blowing port 31a of the blower 30 efficiently hits a part of the
dissipative LED attachment portion 30 of the first duct por-
tion 29 that faces the blowing port 31a. Therefore, heat gen-
erated from the LEDs 17 is efficiently dispersed with the air.

The chassis 14 includes the bottom plate 144 and the fixing
piece 36. The bottom plate 14« is located on the side of the
chassis 14 that is opposite to the light exit portion 14¢ side and
defines the air passage 23 between the bottom plate 14a and
the duct member 22. The fixing piece 36 protrudes from the
bottom plate 14a toward the side opposite to the light exit
portion 14c¢ side so as to be parallel to the dissipation LED
attachment portion 30. The fixing piece 36 is fixed to the
dissipative LED attachment portion 30. The fixing piece 36
faces the air passage 23 and is located opposite the blowing
port 31a of the fan 31. With this configuration, by fixing the
fixing piece 36, which protrudes from the bottom plate 14a of
the chassis 14, to the dissipative LED attachment portion 30,
the chassis 14 and the duct member 22 can be fixed. Air that
flows through the blowing port 31a of the fan 31 hits the fixing
piece 36 that faces the air passage 23 and is located opposite
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the blowing port 31a. Therefore, a part of the dissipative LED
attachment portion (a portion to which the fixing piece 36 is
attached) which faces the blowing port 314 is less likely to be
locally cooled down. Accordingly, the dissipative LED
attachment portion 30 can be evenly cooled down over the
extending direction.

The second duct portion 29 includes the pair of second duct
portions 29 opposite to each other and connected to the first
duct portion 28 apart from each other in a direction in which
the first duct portion 28 extends. The LED drive board 24 is
provided to the side opposite to the light exit portion 14¢ side
of'the chassis 14 and located between the pair of second duct
portions 29. The LED drive board 24 is configured to provide
a drive power to the LED 17. With this configuration, the fan
31 that is attached to each of the second duct portions 29
blows air and a part of the dissipative LED attachment portion
30 of'the first duct portion 28 can be efficiently cooled down.
Further, the LED drive board 24 is arranged on the side of the
chassis 14 that is opposite to the light exit portion 14¢ side and
located between the pair of the second duct portions 29.
Therefore, the thickness of the backlight unit 12 can be
reduced and the LED board 24 can be protected by the pair of
the second duct portions 29.

The dissipative LED attachment portion 30 of the first duct
portion 28 includes the middle outlet 33 at the position
between the pair of the second duct portions 29. The middle
outlet 33 opens to the outside and through which air in the air
passage exits. In this configuration, the dissipative LED
attachment portion 30 includes the middle outlet 33 that
opens to the outside at a position between the pair of the
second duct portions 29. The fan 31 is attached to each of the
second duct portions 29. Air that is blown by the fan 31 to the
first duct portion 29 efficiently exits to the outside through the
middle outlet 33. Accordingly, air-flow properties inside the
air passage improve and thus heat dissipation properties
improve.

The dissipative LED attachment portions 30 and the first
duct portions 28 extends along the respective end portions of
the chassis 14. The ends of the second duct portion 29 are
connected to the respective first duct portions 28. In this
configuration, the first duct portions 28 extend along the
respective end portions of the chassis 14 and the end portions
of the second duct portion 29 are connected to the first duct
portions 28. Therefore, the duct member 22 can have high
mechanical strength, and accordingly the chassis 14 to which
the duct member 22 is attached is reinforced.

Second Embodiment

A second embodiment of this invention will be described
with reference to FIGS. 9 to 11. In the second embodiment, a
duct member 122 includes receiving portions 37 to receive a
chassis 114. The same structures, operations, and effects as
those of the first embodiment will not be described.

As illustrated in FIGS. 9 to 11, the duct member 122
according to this embodiment includes sidewalls 127. Some
of the sidewalls 127 include the receiving portions 37 that
receive a bottom plate 114qa of the chassis 114 from the rear
side. Each sidewall 127 protrudes from a bottom wall 126 of
the duct member 122 and has a distal end portion. Each
receiving portion 37 is a plate piece that is bent from the distal
end portion of the corresponding sidewall 127. Plate surfaces
of the receiving portion 37 are parallel to the bottom plate
114a of the chassis 114. Among the sidewalls 127, the side-
walls 127 having the distal end portions that are opposite the
bottom plate 114q include the receiving portions 37. Specifi-
cally, an inner first sidewall portion 1275 of each of the first
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duct portions 128 and second sidewall portions 127¢ and
127d of each of the second duct portions 129 include the
receiving portions 37. Outer first sidewall portions 1274 (dis-
sipative LED attachment portions 130) do not include the
receiving portions 37. The receiving portions 37 extend along
the sidewall portions 127, 127¢, and 127d over the entire
lengths. A front plate surface of each receiving portion 37 is in
surface-contact with a rear plate surface of the bottom plate
114a and fixed thereto by welding or screws. As a result, the
receiving portions 37, together with fixing pieces 136 of the
chassis 114, can establish a stable attachment relationship
between the chassis 114 and the duct member 122.

As described above, according to this embodiment, the
chassis 114 includes the bottom plate 114a that is on an
opposite side of the chassis 114 from a light exit portion. The
bottom plate 114a and the duct member 122 define an air
passage 123 in between. The duct member 122 includes the
bottom wall 126 and at least a pair of sidewalls 127. The
bottom wall 126 is opposite the chassis 114. The sidewalls
127 in each pair are opposite to each other and protrude from
the bottom wall 126 toward the chassis 114. A space defined
by the bottom wall 126, at least one pair of sidewalls 127, and
the bottom plate 114a is the air passage 123. The at least a pair
of sidewalls 127 includes the receiving portions 37 that is
parallel to the bottom plate 114a to receive the bottom plate
114a. With such a configuration, because the bottom plate
114a of the chassis 114 is received by the receiving portions
37, the receiving portions 37 can establish a further stable
attachment relationship between the chassis 114 and the duct
member 112.

Third Embodiment

A third embodiment of this invention will be described
with reference to FIGS. 12 and 13. In the third embodiment,
arrangement of middle outlets 233 is changed. The same
structures, operations, and effects as those ofthe first embodi-
ment will not be described.

As illustrated in FIGS. 12 and 13, the middle outlets 233
are formed in a duct member 222 such that the middle outlets
233 open downward in the vertical direction. In FIGS. 12 and
13, each Y-axis direction corresponds to the vertical direction
and each X-axis direction corresponds to the horizontal direc-
tion. An upper side and a lower side in FIG. 12 correspond to
anupper side and alower side in the vertical direction, respec-
tively. In the duct member 222, one of first duct members 228
on the upper side (a left in FIG. 13) in FIG. 12 includes an
inner first sidewall portion 2275 that is located on the lower
side thereof'in the vertical direction. One of the middle outlets
233 is formed in the inner first sidewall portion 2275. On the
other hand, the other one of'the first duct members 228 on the
lower side (aright in FIG. 13) in FIG. 12 includes an outer first
sidewall portion 227a (a dissipative LED attachment portion
230) that is located on the lower side thereof in the vertical
direction. The other one of the middle outlets 233 is formed in
the outer first sidewall portion 2274. In this configuration, the
middle outlets 233 open downward in the vertical direction in
the sidewall portions 227a, 2275 and not open upward. There-
fore, external dust is less likely to enter an air passage 223
through the middle outlets 233.

Fourth Embodiment

A fourth embodiment of this invention will be described
with reference to FIGS. 14 and 15. In the fourth embodiment,
first duct portions 328 include second edge-side outlets 38.
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The same structures, operations, and effects as those of the
first embodiment will not be described.

As illustrated in FIGS. 14 and 15, each of the first duct
portions 328 according to this embodiment includes a first
sidewall portion 327a (dissipative LED attachment portions
330). Each of the outer first sidewall portions 3274 includes
second edge-side outlets 38 that open to the outside and
communicate with respective edge-side outlets 332. Each
second edge-side outlet 38 is located at a corresponding end
portion of each outer first sidewall portion 327a in its extend-
ing direction (the X-axis direction), and communicates with
the corresponding edge-side outlet 332 adjacent thereto. The
second edge-side outlet 38, similar to a middle outlet 333,
opens to the outside along the Y-axis direction (an upper-
lower direction in FIG. 14). In some cases, due to restrictions
on an installation environment of the liquid crystal display
device, it may not be allowed to discharge air that is present in
a duct member 322 toward the horizontal direction in FIG. 14.
In such cases, the edge-side outlets 332 among the outlets
332,333, and 38 may be closed and the air may be discharged
through the middle outlets 333 and the second edge-side
outlets 38 that open in an upper-lower direction in F1IG. 14. On
the contrary, if air-discharging from the duct member 322 in
the upper-lower direction in FIG. 14 is not allowed, the
middle outlets 333 and the second outlets 38 may be closed
and the air may be discharged through the edge-side outlets
332 that open in the horizontal direction in FI1G. 14. With this
configuration, the outlets 332, 333, and 38 can be opened and
closed as appropriate according to the restrictions such as an
installation environment of the liquid crystal display device.
Thus, such restrictions can be easily addressed and sufficient
heat dissipation properties can be obtained constantly. The
liquid crystal display device may be used with all of the
outlets 332, 333, and 38 open.

Fifth Embodiment

A fifth embodiment of this invention will be described with
reference to FIG. 16. In the fifth embodiment, the shape of
middle outlets 433 is changed. The same structures, opera-
tions, and effects as those of the first embodiment will not be
described.

As illustrated in FIG. 16, a first duct portion 428 includes a
first sidewall portion 427a (a dissipative LED attachment
portion 430) on an outer side thereof. The first sidewall por-
tion 427a includes a middle outlet 433. The middle outlet 433
according to this embodiment includes divided outlet por-
tions 433a that are arranged in line along the X-axis direction.
Specifically, each of the divided outlet portions 4334 has a
longitudinal rectangular shape in a front view. The divided
outlet portions 433 are arranged at equal intervals from each
other along an extension direction of the first sidewall portion
427a and form the middle outlet 433 having a landscape
rectangular shape. An arrangement direction of the divided
outlet portions 433a corresponds to a length direction of the
middle inlet 433. In this configuration, airin a first air passage
423a contacts separation portions that separate the divided
outlet portions 433a of the outer first sidewall portion 427a.
Heat is dissipated from the separation portions through the air
that contacts the separation portion and exits out through the
divided outlets 433a. With this configuration, LEDs 417 that
are arranged close to the middle outlet 433 can be evenly
cooled down compared with a case in which the middle outlet
433 has a simple opening having a landscape rectangular
shape such as in the first embodiment. Thus, cooling uneven-
ness is less likely to occur. In particular, cooling unevenness
is more likely to occur if the middle outlet 433 has a longer



US 9,303,856 B2

23
length than the LED 417. However, with the middle outlet 433
having the divided outlet portions 433a, occurrence of the
cooling unevenness is effectively reduced.

Sixth Embodiment

A sixth embodiment of this invention will be described
with reference to FIGS. 17 to 19. In the sixth embodiment, an
LED 518 is disposed on one side of a light guide plate 519.
Accordingly, configurations of a duct member 522 and a
chassis 514 are changed. The same structures, operations, and
effects as those of the first embodiment will not be described.

As illustrated in FIG. 17, the light guide plate 519 includes
apair of long-side surfaces, and an LED board 518 according
to this embodiment is arranged opposite one of the long-side
surfaces (a light entrance surface 51954) of the light guide
plate 519 on an upper side in FIG. 17. As illustrated in FIGS.
18 and 19, the duct member 522 includes a first duct portion
528 and a pair of second duct portions 529. The first duct
portion 528 includes a dissipative LED attachment portion
530 on which an LED board 518 is mounted. Each of the
second duct portions 529 are connected to the first duct por-
tion 528. The second duct portion 529 has end portions in an
extending direction (the Y-axis direction) thereof. One of the
end portions is connected to the first duct portion 528. The
other one of the end portions opens to the outside. The other
end portion is an inlet 39 through which external air flows in.
The second duct member 529 includes second sidewall por-
tions 527¢ and 527d. The sidewall portions 527¢ and 527d do
notinclude the inner inlet 34 or the outer inlet 35 as in the first
embodiment. A configuration of the first duct portion 528 is
similar to the configuration of the first embodiment. With the
duct member 522 having such a configuration, heat from
LEDs 517 that are collectively arranged in one end portion of
a backlight unit 512 can be efficiently cooled down. Further,
a reduction in size or weight of the duct member 522 can be
achieved. As illustrated in FIGS. 17 and 19, the chassis 514
includes a bottom plate 5144 and side plates 5145. The bot-
tom plate 514a has peripheral end portions. The side plates
514b protrude from three of peripheral end portions that do
not face the LED boards 518 (a dissipative LED attachment
portions 530).

Seventh Embodiment

A seventh embodiment of this invention will be described
with reference to FIGS. 20 and 21. In the seventh embodi-
ment, arrangement of a pair of LED boards 618 is changed,
and accordingly, configurations of a duct member 622 and a
chassis 614 are changed. The same structures, operations, and
effects as those of the first embodiment will not be described.

As illustrated in FI1G. 20, LED boards 618 in pairs accord-
ing to this embodiment are arranged on sides of a light guide
plate 619 with respect to a long-side direction (X-axis direc-
tion) so as to sandwich the light guide plate 619 in between.
Each ofthe LED boards 618 extends along a short-side direc-
tion (Y-axis direction) of the light guide plate 619. Multiple
LEDs 617 are arranged along an extending direction of the
LED board 618. Among end surfaces of the light guide plate
619, a pair of end surfaces along the short-side direction of the
light guide plate 619 is a light entrance surface 6195. As
illustrated in FIG. 21, the duct member 622 includes a pair of
first duct portions 628. Each of the first duct portions 628
extends along the extending direction of the LED board 618,
that is, along the Y-axis direction. Each first duct portion 628
includes a dissipative LED attachment portion 630 that is
arranged along an extending direction of the first duct portion
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628. The duct member 622 includes a pair of second duct
portions 629. Each second duct portions 629 extends in a
direction perpendicular to the extending direction of the first
duct portion 628, i.e. in the X-axis direction. End portions of
each second duct portion 629 are connected to the respective
first duct portions 628. In this embodiment, the LED boards
618 and the duct member 622 are arranged at positions rotated
by 90 degrees with respect to the arrangement in the first
embodiment in a plan view. However, the same operations
and effects as those of the first embodiment can be obtained.
As illustrated in FIG. 20, a chassis 614 includes side plates
6145 in pairs arranged on long sides thereof.

Eighth Embodiment

An eighth embodiment of this invention will be described
with reference to FIGS. 22 and 23. In the eighth embodiment,
the number and arrangement of second duct portions 729 of a
duct member 722 are changed. The same structures, opera-
tions, and effects as those of the first embodiment will not be
described.

As illustrated in FIG. 22, the duct member 722 according to
this embodiment includes a pair of first duct portions 728 and
a second duct portions 729 that is connected to the first duct
portions 728. Each end of the second duct portion 729 is
connected to a substantially middle part of the corresponding
first duct portion 728 in an extending direction of the first duct
portion 728. The duct member 722 has an H-like shape as a
whole in a plan view. The second duct portion 729 is arranged
in a substantially middle area of a chassis 714 in a long-side
direction of the chassis 714 (see FIG. 23). The second duct
portion 729 includes a pair of second sidewalls 727¢ and
727d. Each of the second sidewalls 727¢ and 727d includes an
inlet 40 at a substantially middle part of the second sidewalls
727¢ and 727d in an extending direction. Each ofthe first duct
portions 728 is tapered from a connection portion with the
second duct portion 729 toward edge inlets 732 disposed at
ends of the first duct portion 728. Namely, inner first sidewall
portions 7275 of each first duct portion 728 are tapered por-
tions 727b1. The first duct portion 728 does not include the
middle outlet 33 that is included in the first embodiment.
According to the configuration change of the duct member
722 as described above, arrangement of an LED drive board
724 and a control board 725 is changed. Specifically, as
illustrated in F1G. 23, the LED drive board 724 and the control
board 725 are disposed at locations different from the second
duct portion 729 in the X-axis direction. Further, the LED
drive board 724 and the control board 725 are disposed at
locations different from the inlets 40 included in the second
duct portion 729 in the Y-axis direction (see FIG. 22).

Ninth Embodiment

A ninth embodiment of this invention will be described
with reference to FIGS. 24 and 25. In the ninth embodiment,
a duct member 822 only includes first duct portions 828. The
same structures, operations, and effects as those of the first
embodiment will not be described.

As illustrated in FIGS. 24 and 24, the duct member 822
according to this embodiment extends along an extending
direction of LED boards 818, that is, the X-axis direction. The
duct member 822 includes first duct portions 828 in pairs each
having a dissipative LED attachment portion 830 that is par-
allel to the duct member 822. The duct member 822 in this
embodiment does not include the second duct portions 29 in
pairs that are included in the first embodiment. In other words,
the duct member 822 includes two separate parts, namely, the



US 9,303,856 B2

25

first duct portions 828 are not connected to each other. Each of
the first duct portions 828 includes a first bottom wall portion
826a. A pair of fans 831 is attached to each first bottom wall
portion 826a. The fans 831 are located in intermediate areas
between a middle area and end areas of the first duct portion
828 in the extension direction. Each fan 831 has a blowing
port 831a and an intake port 8315. The blowing port 831a
faces an edge-side outlet 832 that is located at an end of the
first duct portion 828 in the extending direction. The intake
port 8315 faces the middle area of the first duct portion 828 in
the extending direction. The first duct portion 828 includes
first a pair of sidewalls 827a and 8275. Each of the first
sidewalls 827a and 8275 includes an inlet 41 at a substantially
middle area of each wall in an extending direction thereof.
External air enters an air passage 823 through the inlet 41 and
flows to the intake port 8315 of the fan 831. An LED drive
board 824 and a control board 825 are disposed at locations
different from the first duct portions 828 in the Y-axis direc-
tion. Further, the LED drive board 824 and the control board
825 are disposed at locations different from the inlet 41 of
each first duct portion 828 in the X-axis direction.

OTHER EMBODIMENTS

The scope of this invention is not limited to the embodi-
ments described in the above description with reference to the
drawings. The following embodiments may be included in the
technical scope of this invention, for example.

(1) In the above embodiments, the LED attachment portion
and the heat dissipation portion included in the dissipative
LED attachment portion continues to each other without
steps. However, the LED attachment portion may continue to
the heat dissipation portion via a bent portion. Specifically,
the LED attachment portion may be arranged outward from
the heat dissipation portion and a bent portion may connect
the LED attachment portion and the heat dissipation portion.

(2) In the above embodiments, the LED attachment portion
and the heat dissipation portion included in the dissipative
LED attachment portion has the same dimension in length.
However, the LED attachment portion and the heat dissipa-
tion portion may have different dimensions in length. In such
a case, the LED attachment portion may be shorter than the
heat dissipation portion and vice versa.

(3) In the above embodiments, the LED attachment portion
of the dissipative LED attachment portion has a length over
the entire length of the LED board. However, the LED attach-
ment portion may have a length shorter than the entire length
of'the LED board. In such a case, multiple LED attachment
portions may be attached to a single LED board.

(4) In the above embodiments, the heat dissipation portion
of the dissipative LED attachment portion has a length over
the entire length of the duct member. However, the heat dis-
sipation portion may have a length shorter than the entire
length of the duct member. In such a case, multiple heat
dissipation portions may be arranged so as to face an air
passage.

(5) In the above embodiments, the duct member has a
hollow shape that opens to the chassis side. However, the duct
member may have a hollow shape that does not open to a
chassis side. Specifically, the duct member may include a
bottom wall, a pair of sidewalls protruding from the bottom
wall, and a top wall that is connected to extended ends of the
pair of sidewalls and opposite the bottom wall. The top wall
may be attached to the bottom plate of the chassis.

(6) Other than the above embodiments, in the duct member,
the arrangement or the number of the second duct portions to
the first duct portion may be altered as appropriate. For
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example, the second duct portions may be connected at ends
of'the first duct portion in the extending direction, or three or
more second duct portions may be connected to the first duct
portion.

(7) Other than the above embodiments, the plan-view
shapes of the first duct portion and the second duct portion of
the duct member, or the shapes of the bottom wall and the
sidewall may be altered as appropriate.

(8) Other than the above embodiments, the arrangement,
the number, the shape, or the size (an opening area) ofthe inlet
and the outlet of the duct member may be altered as appro-
priate.

(9) Other than the above embodiments, the arrangement,
the shape, or the size of the LED drive board and the control
board may be altered as appropriate. If boards other than the
LED drive board and the control board are attached to a rear
surface of the chassis, the arrangement described in the above
embodiments may be applied to the boards.

(10) In the above embodiments, the positions (orientations
of the blowing port and the intake port) of the fan may be
reversed. In such a case, the inlets of the duct member in each
of'the above embodiments may be used as the outlets, and the
outlets of the duct member in each of the above embodiments
may be used as the inlets. Even in such a configuration, heat
of the LEDs can be released via the dissipative LED attach-
ment portion and adequate heat dissipation properties can be
obtained.

(11) In the above embodiments, the fans disposed in the
duct member is the sirocco fans. However, other types of fan
(e.g. propeller fans or turbo fans) may be used.

(12) In the above embodiments, the fans are disposed in the
duct member to enforce ventilation. However, fans may be
not included in silent oriented type devices.

(13) Other than the above embodiments, the arrangement
and the number of the fan in the duct member may be altered
as appropriate.

(14) In the above embodiments, the fixing pieces of the
chassis are arranged opposite the blowing ports of the respec-
tive fans. However, this invention includes a configuration in
which the fixing pieces are arranged so as not to be opposite
the blowing ports.

(15) In the above sixth embodiment, the LED board is
arranged along one of the long-side end portions of the light
guide plate. However, the LED board may be arranged along
one of short-side end portions of the light guide plate. In such
a case, according to the arrangement change of the LED
board, the arrangement of the dissipative LED attachment
portion of the duct member and the arrangement of the side
plate of the chassis may be altered.

(16) Other than the above embodiments, the LED boards
may be arranged opposite the three end portions of the light
guide plate, or all of the four end portions of the light guide
plate. In such a case, according to the arrangement change of
the LED boards, the arrangement of the dissipative LED
attachment portion of the duct member and the arrangement
of'the side plate of the chassis may be altered. In particular, in
a configuration in which the LED boards are arranged oppo-
site the four sides of the light guide plate, the chassis may not
include the side plates.

(17) In the above embodiments, one LED board is arranged
on one side of the light guide plate. However, two or more
LED boards may be arranged on one side of the light guide
plate.

(18) In the above embodiments, the edge-light backlight
unit including the light guide plate is used. However, this
invention may be applied to an edge-light backlight unit with-
out a light guide plate. In such an edge-light backlight unit, an
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optical lens (for example, a diffuser lens having diffusing
effect) which provides optical effects to light from LEDs may
be used as a light guide member. With this configuration, light
from the LEDs that are collectively arranged at an end of a
chassis is directed to a light exit surface of the chassis, and the
uneven light is applied to a plate surface a liquid crystal panel.

(19) In the above embodiments, the color filter includes
color portions in three colors. However, the color filter may
include color portions in four colors with a yellow color in
addition to red, green, and blue colors.

(20) In the above embodiments, the LEDs are used as light
sources. However, other types of light sources such as organic
ELs may be used.

(21) In the above embodiments, the liquid crystal panel and
the chassis are set in the vertical position with the short-side
directions thereof correspond to the vertical direction. How-
ever, the liquid crystal panel and the chassis may be set in the
vertical position with long-side directions thereof correspond
to the vertical direction.

(22) In the above embodiments, the TFTs are used as
switching components of the liquid crystal display device.
However, the technology described herein can be applied to
liquid crystal display devices using switching components
other than TFTs (e.g. thin film diodes (TFDs)). Furthermore,
the technology can be applied to back- and white liquid crys-
tal display devices other than the color liquid crystal display
device.

(23) In the above embodiments, the liquid crystal display
device includes the liquid crystal panel as a display panel is
used. However, this invention can be applied to display
devices including other types of display panels.

(24) In the above embodiments, the television device
including the tuner is used. However, this invention can be
applied to a display device without a tuner. Specifically, this
invention can be applied to liquid crystal display devices used
for digital signage or electric blackboards.

EXPLANATION OF SYMBOLS

10: liquid crystal display device (display device), 11: liquid
crystal panel (display panel), 12, 512: backlight unit (lighting
device), 14, 114, 514, 614, 714: chassis, 14a, 114a, 514a:
bottom plate, 14¢: light exit portion, 17, 417, 517, 617: LED
(light source), 19, 519, 619: light guide plate (light guide
member), 22,122, 222, 322, 522, 622, 722, 822: duct mem-
ber, 23, 123, 823: air passage, 24, 724, 824: LED drive board
(light source drive board), 26, 126: bottom wall, 27, 127:
sidewall, 28, 128, 228, 428, 528, 628, 728: first duct portion,
29, 129, 229, 529, 629, 729: second duct portion, 30, 130,
230, 330, 430, 530, 630, 830: dissipative LED attachment
portion (dissipative light source attachment portion), 30a:
heat dissipation portion (one part), 305: LED attachment
portion (another part), 31, 831: fan (blower), 31a, 831a:
blowing port, 32, 332, 732, 832: edge-side outlet (outlet), 33,
233, 333, 433: middle outlet (outlet), 34: inner inlet (inlet),
35: outer inlet (inlet), 36: fixing piece, 38: second edge-side
outlet (outlet), 39: inlet, 40: inlet, 41: inlet, TV: television
device.

The invention claimed is:

1. A lighting device, comprising:

a chassis including a light exit portion through which light
exits;

a light source arranged close to an end portion of the
chassis;
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a light guide member arranged closer to a middle area of
the chassis than the light source and configured to guide
light from the light source toward a light exit portion
side;

a duct member arranged on a side of the chassis opposite to
the light exit portion side and having an air passage
therein; and

a dissipative light source attachment portion provided to
the duct member and including:
one part facing the air passage, and
another part protruding to inside of the chassis and to

which the light source is attached,

wherein the duct member includes:

a bottom wall opposite the chassis; and
at least a pair of sidewalls protruding from the bottom
wall toward the chassis and facing each other,
wherein the air passage is a space surrounded and defined
by the bottom wall, the at least a pair of sidewalls, and
the chassis,

wherein the duct member includes an inlet for air intake to
the air passage and an outlet for air exhaust from the air
passage, each of the inlet and the outlet opening to
outside along a wall surface of the bottom wall,

wherein at least one of the inlet and the outlet is provided in
each sidewall of the at least a pair of sidewalls so as to be
displaced from each other in a direction along the wall
surface of the bottom wall.

2. The lighting device according to claim 1, further com-
prising a blower mounted to the duct member, the blower
having a blowing port facing a part of the dissipative light
source attachment portion and through which air flows to the
air passage.

3. A display device, comprising:

the lighting device according to claim 1; and

a display panel configured to provide display using light
from the lighting device.

4. A television device comprising the display device

according to claim 3.

5. A lighting device, comprising:

a chassis including a light exit portion through which light
exits;

a light source arranged close to an end portion of the
chassis;

a light guide member arranged closer to a middle area of
the chassis than the light source and configured to guide
light from the light source toward a light exit portion
side;

a duct member arranged on a side of the chassis opposite to
the light exit portion side and having an air passage
therein; and

a dissipative light source attachment portion provided to
the duct member and including:
one part facing the air passage, and
another part protruding to inside of the chassis and to

which the light source is attached,

wherein the duct member covers a part of the chassis, and

the lighting device further comprising a light source drive
board provided on a side of the chassis that is opposite to
the light exit portion side and adjacent to the duct mem-
ber, the light source drive board being configured to
provide drive power to the light source,

wherein the duct member includes:

a bottom wall opposite the chassis; and
at least a pair of sidewalls protruding from the bottom
wall toward the chassis and facing each other,
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wherein the air passage is a space surrounded and defined
by the bottom wall, the at least a pair of sidewalls, and
the chassis, and

wherein one of the sidewalls located adjacent to the light
source drive board includes an inlet that opens to outside
along a wall surface of the bottom wall, the inlet being
displaced from the light source drive board along the
wall surface of the bottom wall.

6. A lighting device, comprising:

a chassis including a light exit portion through which light
exits;

a light source arranged close to an end portion of the
chassis;

a light guide member arranged closer to a middle area of
the chassis than the light source and configured to guide
light from the light source toward a light exit portion
side;

aduct member arranged on a side of the chassis opposite to
the light exit portion side and having an air passage
therein; and

a dissipative light source attachment portion provided to
the duct member and including:
one part facing the air passage, and
another part protruding to inside of the chassis and to

which the light source is attached,

wherein the light source includes a plurality of light
sources,

wherein the dissipative light source attachment portion
extends along the end portion of the chassis and the light
sources are mounted on the dissipative light source
attachment portion so as to be arranged in an extending
direction of the dissipative light source attachment por-
tion,

wherein the air passage of the duct member is provided
along the extending direction of the dissipative light
source attachment portion

wherein the duct member includes:

a first duct portion extending along the extending direc-
tion of the dissipative light source attachment portion
and including the dissipative light source attachment
portion; and

a second duct portion extending in a direction across the
extending direction of the dissipative light source
attachment portion, the second duct portion being
connected to the first duct portion, and

30

the lighting device further comprising a blower mounted to
the second duct portion, the blower including a blowing
port opposite a part of the dissipative light source attach-
ment portion and through which air flows to the air
5 passage.

7. The lighting device according to claim 6, wherein the
chassis includes:

a bottom plate located on a side of the chassis that is
opposite to the light exit portion side of the chassis and
defining the air passage between the bottom plate and
the duct member; and

a fixing piece protruding from the bottom plate toward the
side opposite to the light exit portion side so as to be
parallel to the dissipation light source attachment por-
tion, the fixing piece being fixed to the dissipative light
source attachment portion,

wherein the fixing piece faces the air passage and is located
opposite the blowing port of the blower.

8. The lighting device according to claim 6, wherein the
second duct portion includes a pair of second duct portions
opposite to each other and connected to the first duct portion
apart from each other in a direction in which the first duct
portion extends, and

the lighting device further comprising a light source drive
board provided on the side of the chassis opposite to the
light exit portion side and located between the pair of
second duct portions, the light source drive board being
configured to provide drive power to the light source.

9. The lighting device according to claim 6,

wherein the dissipative light source attachment portion
includes a pair of dissipative light source attachment
portions and the first duct portion includes a pair of first
duct portions,

wherein each of the dissipative light source attachment
portions and each of the first duct portions extends along
the end portion of the chassis,

wherein each end ofthe second duct portion is connected to
each of the pair of the first duct portions.

10. The lighting device according to claim 8, wherein the
dissipative light source attachment portion of the first duct
portion includes an outlet at a position between the pair of the
second duct portions, the outlet opening to outside through
which air in the air passage exits.
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